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Graphene Membranes
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• Graphene is a single layer of 
carbon atoms distributed in a 
hexagonal lattice.
• Theoretical thickness of a single 
layer graphene is 0.345 nm.
• Graphene is one member of a 
large group of 2D materials
Why 2D Material Membranes?
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• 2D materials are interesting as mechanical resonating sensors due 
to their maximized surface to volume ratio and large tunability. 
• Possible applications:
• Pressure sensing
• Mass sensing
• Gas sensing
• Thermal sensing
Fabrication of Graphene Membranes – Two Different Methods
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• Method 1 – Dry transfer: Graphene is dry when transferred onto the chip.
• Method 2 – Wet transfer: Graphene is wet when transferred onto the chip.
• The first three steps are common for both methods.
Fabrication of Membranes – Dry Transfer
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Fabrication of Membranes – Dry Transfer
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• 20 x 20 array of membranes with a 
diameter of 5 µm.
• Yield up to ~95% 
• Yield decreases drastically with increasing 
diameter.
Fabrication of Membranes – Dry Transfer
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• The size and shape of the membranes 
can be varied. 
• Membrane diameters larger than 
25 µm are challenging.  
Resonance Frequency Measurements
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Fabrication of Membranes – Wet Transfer
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Lee, Choong-Kwang, et al., ACS nano 8.3 (2014): 2336-2344.
Fabrication of Membranes – Wet Transfer
10
Resonance Frequency Measurements
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Tensile stress: 8.7±1.5 MPa
Quality factor: 232±55
Resonance Frequency Measurements
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Tensile stress: 8.7±1.5 MPa
Quality factor: 232±55
Paper Graphene type Quality 
factor
Bunch, J. Scott, et al., Science 315.5811 
(2007): 490-493.
Mechanical exfoliated – single 
layer
<100
Chen, Changyao, et al., Nature 
nanotechnology4.12 (2009): 861-867.
Mechanical exfoliated – single 
layer
~125
De Alba, Robert, et al., arXiv: 
1604.04605 (2016).
CVD – single layer ~100
Arjmandi-Tash, Hadi, et al., 2D 
Materials 4.2 (2017): 025023.
CVD – single layer 305
Features of Graphene Membranes
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• CVD graphene is 
polycrystalline 
• Regions with multi-
layer graphene
• PMMA residues, 
metal particles or 
Si particles
Dry Vs Wet Transfer
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Dry Wet
Clean membranes Residues Residues
Defect free membranes SEM inspection needed SEM inspection needed
Thermal budget 400 ˚C 80 ˚C
Size <50 µm >100 µm
Compatibility Low High
Yield Low-Medium High
Reproducibility Low High
Conclusion and Outlook
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• Graphene membrane resonators of varying size were 
successfully fabricated and characterization of their 
resonating properties initiated.
• Next:
• Material properties
• Fabrication dependent build-in stress
• Noise measurements
• Replace graphene with other 2D materials 
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Paper DOI Graphene type Pressure and temp Quality factor
Bunch, J. Scott, et al. "Electromechanical 
resonators from graphene 
sheets." Science 315.5811 (2007): 490-493.
10.1126/science.1136836 Mechanical exfo <10−6 torr
RT
<100
Chen, Changyao, et al. "Performance of monolayer 
graphene nanomechanical resonators with 
electrical readout." Nature nanotechnology4.12 
(2009): 861-867.
10.1038/NNANO.2009.26
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Mechanical exfo <10−5 torr
RT
~125
De Alba, Robert, et al. "Tunable phonon cavity 
coupling in graphene membranes." arXiv preprint 
arXiv:1604.04605 (2016).
10.1038/NNANO.2016.86 CVD <10−6 torr
RT
~100
Arjmandi-Tash, Hadi, et al. "Large scale integration 
of CVD-graphene based NEMS with narrow 
distribution of resonance parameters." 2D 
Materials 4.2 (2017): 025023.
CVD 305
Graphene Membranes
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• Graphene membranes
• Why graphene membranes?
• Fabrication of graphene 
membranes
• Characterization of graphene 
membranes
• Conclusions and outlook
Resonance Frequency Measurements
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1Measurements done by Federico Fantino
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